We investigated the effect of genotype and culture medium on the in vitro germination and development of plantlets from seeds of 6 different Paulownia genotypes (P. tomentosa, hybrid lines P. tomentosa × P. fortunei (Mega, Ganter and Caroline), P. elongata and hybrid line P. elongata × P. fortunei). Nodal and shoot tip explants were used for micropropagation of Paulownia genotypes by manipulating plant growth regulators. The highest germination percentage for all genotypes was obtained for seeds inoculated on medium supplemented with 50 mg*L GA 3 (MSG2). On Thidiazuron containing media, the explants of hybrid line P. elongata × P. fortunei exhibited the highest frequency of axillary shoot proliferation following by P. tomentosa × P. fortunei. The results are discussed with the perspective of applying an improved protocol for in vitro seed germination and plantlet formation in several economically valuable Paulownia genotypes.
Introduction
The genus Paulownia (Scrophulariaceae) includes 9 species of trees indigenous to Chine and East Asia (Zhu et al., 1986) . Most species of Paulownia are fast growing as the harvesting begins within 8-10 years and can continue yearly for as long as is desired. The tree is extremely hardy and its plantation requires only minimal inputs from the grower. The value of Paulownia as a short-rotation woody crop plants (Bergmann and Moon, 1997) , afforestation (Zhu et al., 1986) and mine site reclamation (Carpenter, 1977) has been reported. Paulownia has remarkable combination of qualities that resulted in the use for a wide range of purposes. The wood of Paulownia is soft, lightweight with excellent machining and finishing properties (Akyildiz and Sahin, 2010) . Its stem bark has been used in Chinese herbal medicine as a component remedies for some infection diseases. Aside from their timber products, some Paulownia species have also ornamental use (Puxeddu et al. 2012; Ben Bahri and Bettaieb, 2013) . In the last decade, several Paulownia species and hybrids were introduced into Bulgaria since the geographic region is suitable for growth the Paulownia tree for ornamental purposes and for planting stock for new plantations. Therefore, the application of biotechnological approaches for in vitro regeneration and micropropagation techniques of Paulownia ssp. have been encouraging, particularly for supply planting material for forestry (Zagorska et al., 2007; Angelova-Romoval et al., 2011; Ivanova et al. 2012 ).
The use of in vitro propagation techniques provides healthy, homogeneous planting stock for a forestation and woody biomass production of Paulownia. Efficient vegetative micropropagation has been demonstrated to have many advantages over seedling propagation of Paulownia ssp. (Bergmann and Moon, 1997; Bergmann, 1998; Rout et al., 2001) . In vitro propagation of Paulownia tomentosa trough shoot bud regeneration (Rao et al., 1996) and mass multiplication of Paulownia elongata trough nodal culture and axillary shoots has also been reported (Bergmann and Whetten 1998; Ipekçi et al., 2001; 2003; Lobna and Taha 2008; Imad et al. 2010; Markovic et al., 2013) . It is widely accepted, that success of in vitro regeneration depends on the control of morphogenesis, which is influenced by several factors namely genetic background, kinds of tissue and explants, nutritional components, growth regulators and culture environment (Giri et al., 2004; Ozaslan et al. 2005) .
The aim of this study was to develop an in vitro regeneration effective protocol for micropropagation of six Paulownia genotypes and to assess the factors that influence the optimal plant regeneration and propagation.
Materials and methods

Plant material and explant source
This study was carried out at the Department of Applied Genetics and Biotechnology, Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Sofia. Seeds from 6 Paulownia genotypes -P. tomentosa and hybrid lines P. tomentosa × P. fortunei (Mega, Ganter and Caroline), P. elongata and hybrid line P. elongata × P. fortunei were kindly provided by Technogen Inc., Turkey.
Establishment of aseptic intact seedlings
The mature seeds were surface-disinfected by 3 different sterilization procedures:
 immersion in 70% ethylene alcohol for 6 min;  immersion in 70% ethylene alcohol for 1 min followed by swirling in 0.1% (w/v) mercuric chloride (HgCl 2 ) solution for 3 minutes, and  immersion in 30% solution of sodium hypochlorite for 15 minutes. A drop of Twin-20 was added into the decontamination solution. Following the surface disinfection, seeds were finally rinsed 3 times for 15 min each in sterile distilled water.
Culture media and culture conditions
Three different seed germination media were examined for their effectiveness in promoting germination and subsequent development of Paulownia seeds. Basal MS (Murashige and Scoog, 1962) media were supplemented with 30 g*L sucrose, 7 g*L Difco bactoagar and different concentrations of GA 3 (20 mg*L and 50 mg*L). Media were adjusted to 5.6 pH before autoclaving (20 min at 1.1 kg*cm -2 , 121 °C). Four replicates of 25 seeds per genotype were sown. Culture tubes were incubated in growth chamber at 25 °C ±1 °C and 60% -70% humidity in the dark for 4 weeks. Germination responses were scored visually as a percentage at the 10 th , 20 th and 30 th days after sowing.
For shoot regeneration, the segments from nodal sections and shoot tips derived from 30-days-old aseptic seedlings were used as a source material. They were excised and transferred to 4 different shoot induction MS media containing 3% sucrose solidified with 0.6% agar and supplemented with different concentrations of growth regulators BAP, TDZ and IAA (Table 1 ). The pH of the media was adjusted to 5.6. After 8 weeks of culture, the frequency of explants producing shoots and the average number of shoots per explants were recorded.
For induction of rooting, the in vitro raised shoots (1.5 cm -2 cm in length) were cultured on half-strength MS basal medium supplemented with different concentrations of growth regulator IBA (0.5 mg*L and 1.0 mg*L), 250 mg*L and 500 mg*L casein hydrolyzate and 10 g*L sucrose ( 
Acclimatization of plants under in vivo conditions
Well-rooted shoots were removed from the culture medium, and the roots were washed gently with water to remove agar. Plantlets were transferred to small plastic pots (8 cm in diameter) containing a mixture of peat and perlite in the volume ratio 2:1 v/v. They were kept in a plant growth chamber at 22 °C under diffuse light conditions (16/8 h photoperiod, 60 μMm -2 s -1
) and 95% -98% relative humidity. The humidity was reduced gradually and the plantlets were removed from the growth chamber after 3 weeks. The plantlets were placed in the greenhouse for acclimatization before being transferred outdoors under full sun.
Statistical analysis
Usually, 100 seeds were tested per each treatment and each experiment was conducted at least 3 times. The cultures were examined periodically and the morphological changes were recorded on the basis of visual observations. The effect of different treatments was quantified as the percent of seed germination, mean number of shoots per explant, shoot height, percent of rooting plants and root length. The data were statistically analyzed by Sigma Plot 11.0 test (Systat Software Inc., SSI) (Hill and Lewicki, 2006) .
Results and discussion
Contamination of seeds is a constant problem that can compromise development of all in vitro techniques (Enjalric et al., 1987; Cassells, 1991; Leifert et al., 1991) . In the current study, it was found that the surface sterilization of Paulownia seeds by direct treatment with 30% solution of sodium hypochlorite (15 min) removed surface microorganisms resulting in 98% no contaminated sterile seeds. Hence, it could be suggested that preconditioning of the seeds with sterilizing agents such as sodium hypochlorite is the most effective for prevention of surface contamination of Paulownia mature seeds. Table 2 summarizes the germination percentage for controls (MS0) and for seeds inoculated in 2 different culture media MSG1 and MSG2. Germination of Paulownia seeds was considered difficult, as specific nutritional and environmental conditions are needed (Bergmann and Moon, 1997; Ipekçi and Gozukirmizi, 2003) . Successful germination of seeds is directly related to the plant development and survival. Therefore, the development of a protocol for seed germination of different Paulownia species and their hybrids was an essential aspect of the current study. Seeds of P. tomentosa revealed the highest germination ability than the all other genotypes following by hybrid line P. tomentosa × P. fortunei (Table 2) . In this study, seed germination of the rest other genotypes assessed at 30 th days was comparable and similar and ranged from 11.7% (P. tomentosa × P. fortunei L Ganter) to 40.2% (P. elongata × P. fortunei) (MSG1 medium) and from 4.2% (P. tomentosa × P. fortunei L Ganter) to 22..4% (P. elongata × P. fortunei) (MSG2 medium). Besides the beneficial effect of culture media, genotype differences may also have contributed for the differences in germination percentages observed among different genotypes. Our results indicated that the seed germination response to media composition is speciesspecific, although in this study genotypic effects were not directly evaluated.
The morphogenic response of the explants to various growth regulators is summarized in Table 3 . On TDZ-containing media (MS3 and MS4), the explants of hybrid line P. elongata × P. fortunei exhibited the highest frequency of axillary shoot proliferation -99.6% (MS4) and 97% (MS3) following by P. tomentosa × P. fortunei -91.8% (MS4) and 90% (MS3). Also, the number of shoots per explant on these media was higher in comparison with that of MSR1 and MSR2, especially for P. elongata × P. fortunei hybrid genotype. Thidiazuron has been reported to induce axillary as well adventitious shoots in many tree species (Huetteman and Preece, 1993; Murthy et al., 1998; Ipekçi and Gozukirmizi, 2003) . TDZ at 0.5 mg*L -1 and 1 mg*L -1 was used in the present study to induce axillary shoots in the cotyledonary nodes of Paulownia genotypes. The results indicated that TDZ in combination with other growth-regulating substances (auxin IAA) is most effective of all the cytokinins tested for inducing shoot proliferation. These data corroborate those reported by Murthy et al. (1998) and Corredoira et al. (2008) indicating the morphoregulatory potential of TDZ and its application in plant tissue culture for the development of micropropagation systems. The reasons for the high activity of TDZ in woody species have not been investigated at a physiological level but it was suggested that TDZ helps to establish the optimal internal balance growth regulators (Saxena, 1992; Guo et al. 2011 ).
All 3 media induced root formation in the regenerated shoots (Table 4) as especially effective is MSR2 containing 1 mg*L IBA thus, indicating that the presence of that auxin in higher concentration favoured root induction. MSR2 medium induced about 99.4% shoot rooting in P. elongata × P. fortunei and 100% in Paulownia tomentosa within 4 weeks and roots averaged 4.9 cm and 4.7 cm in length. Each of the shoot formed 2 -3 roots in the culture. The observations about the effect of some auxins on root induction in other 3 species such as Cinnamomum zeylanicum and Morus have been reported earlier by Ravishankar Rai and Jagadishch (1987) , and Pattnaik and Chand (1997) . The rooted plantlets were successfully acclimatized in a plant growth chamber and eventually established at outdoors under full sun. The regenerated plants did not show any detectable phenotypic variations. 91.8 7.2 ± 0.50b 6.4 ± 0.08de G3 72.8 6.8 ± 0.51bc 6.9 ± 0.46c G4 70.0 6.3 ± 0.42c 7.5 ± 0.32b G5 69.6 5.2 ± 0.47d 6.7 ± 0.36cd G6 99.6 8.7 ± 0.36a 8.9 ± 0.46a *G1-Paulownia tomentosa; G2 -P. tomentosa × P. fortunei; G3 -P. elongata × P. fortunei L Caroline; G4 -P. tomentosa × P. fortunei L Mega; G5 -P. tomentosa × P. fortunei L Ganter, G6 -P. elongata × P. fortunei MSR -rooting medium; *G1 -Paulownia tomentosa; G2 -P. tomentosa × P. fortunei; G3 -P. elongata × P. fortunei L Caroline; G4 -P. tomentosa × P. fortunei L Mega; G5 -P. tomentosa × P. fortunei L Ganter, G6 -P. elongata × P. fortunei
Conclusions
In conclusion, an attempt was made in this investigation in order to develop an effective micropropagation of several Paulownia genotypes. This work shows that organogenic capacity in vitro varied among genotypes when grown on identical medium. The in vitro protocol described herein for regenerating a large number of plantlets of Paulownia using cotyledonary nodes and shoot tips is an improved method as compared to that reported earlier. It could be useful for a large scale plantation programme of economically important Paulownia trees. With the method presented here it is possible to produce healthy plants, which could then be released to different habitats.
